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ABSTRACT 
A study was made of the effects of various types of detergents on the swelling of 
isolated mitochondria and on mitochondrial ATPases which are activated by Mg or 
DNP  respectively. The rate of swelling was measured in the Beckman spectro- 
photometer by following the decrease  in turbidity of dilute suspensions  of these 
organelles. It was found that non-ionic detergents containing a nonyl phenoxy side 
chain or anionic detergents caused swelling of the mitochondria and activation of 
Mg-ATPase. On  the other hand,  cationic detergents promoted the clumping of 
mitochondria and did not activate Mg-ATPase. DNP-ATPase was  inhibited by 
all of the detergents tested. It would appear from these observations that the in- 
hibition of DN'P-ATPase is not related to a gross change in the morphology of the 
organelles; in contrast, the activation of Mg-ATPase definitely is correlated with 
swelling of the isolated mitochondria. These data also suggest  that the ionic deter- 
gents combine  with charged sites on the protein moiety of the lipoprotein in the 
mitochondrial surface, whereas the non-ionic detergents form inclusion compounds 
with the lipide moiety, thereby altering the mitochondrial structure and perme- 
ability. 
INTRODUCTION 
Surface active agents are known to cause swelling 
of mitochondria isolated from rat liver (1,  2),  to 
activate  Mg-ATPase  1  (3,  4),  and  to  inactivate 
DNP-ATPase  1 (3, 4) of these organeUes. A variety 
of  synthetic  detergents  of  known  structure  are 
available, and a  systematic study of the effects of 
these substances  on  these processes might reveal 
what chemical groups are responsible for the effects 
observed, and furthermore might provide a due as 
to the mechanism of action of these surface active 
compounds.  In  this  connection  the  non-ionic 
detergents are of particular interest since, although 
these surface active agents apparently do not react 
directly with protein (5, 6), some of them interact 
* This research was supported in part by funds pro- 
vided by Grant No. B-679 (C), United States Depart- 
ment of Health, Education, and Welfare. 
1The  following  abbreviations will  be  used:  Mg- 
ATPase, an ATPase activated by Mg; DNP-ATPase, 
an ATPase activated by DNP; ATP, adenosinetriphos- 
phate; DNP, dinitrophenol; tris, (tris) hydroxymethyl- 
aminomethane. 
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with  biological  systems  to  cause  such  diverse 
effects as the release of enzymes from cell particu- 
lates  (7,  8),  the  hemolysis  of  red  cells  (9),  or 
sustained  hyperlipemia and  hypercholesterolemia 
(10-12). 
Aging  or  freezing  of  the  mitochondria  or  the 
presence of calcium also activates Mg-ATPase and 
inhibits DNP-ATPase (3, 14, 17), and these condi- 
tions  promote  as  well  the  swelling  of  these  or- 
ganelles (18-20).  It would  thus  be of interest to 
determine whether  a  similar correlation could be 
made  in  the  case  of  the  surface  active  agents. 
Therefore,  a  study  was  made  of  the  effects  of 
different types of  detergents on  the  activities of 
Mg-ATPase and DNP-ATPase and on the swelling 
of  the  isolated  mitochondria.  The  latter  was 
estimated  by  determining  the  decrease  in  the 
turbidity of mitochondria suspended  in  solutions 
of sucrose containing various detergents (18, 21). 
The rate of decrease in turbidity was assumed to 
be a  measure of the rate of swelling of  the  mito- 
chondria (18,21).  In addition, these results were 
checked by observation of the mitochondria under 
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TABLE  I 
Properties of Detergents Used 
Detergent  Chemical name or description  Type  Source  trade name 
Dupanol  Sodium dodecyl sulfate  Anionic  Wilmington 
BLS 704 
Lantomuse 3 
.~mtomuse 4 
Cetab 
9ctab 
Cetyl pyridinium 
chloride 
]?ween  80 
l'ween  20 
Pluronic  L-62 
[gepal CO 630 
Antaron F-C-34 
~matarox GIO0 
Sodium cetyl sulfate 
Sodium dodecyl benzene sulfonate 
Sodium decyl  benzene sulfonate 
Cetyl trimethyl ammonium chloride 
Octadecyl dimethyl benzyl ammonium 
chloride 
Cetyl pyridinium chloride 
Polyoxyethylene mono-oleate 
Polyoxyethylene sorbitan monolaurate 
Polyoxyethylene derivatives 
Nonyl  phenoxy  polyethylene  oxide 
ethanol 
Complex fatty amido amphoteric com- 
pound cationic below pH 4.5, anionic 
above pH 8.5 
Alkyl polyoxyethylene glycol amine 
Anionic 
Anionic 
Anionic 
Cationic 
Cationic 
Cationic 
Non-ionic 
Non-ionic 
Non-ionic 
Non-ionic 
Non-ionic 
Non-ionic 
Dupont  Chemical  Co., 
Delaware 
Dupont  Chemical  Co.,  Wilmington 
Delaware 
Monsanto  Chemical  Co.,  St.  Louis 
Missouri 
Monsanto  Chemical  Co.,  St.  Louis 
Missouri 
Fairfield  Laboratories,  Plainfield,  Ne~ 
Jersey 
Fairfield  Laboratories,  Plainfield,  Ne~ 
Jersey 
Merck and Co.,  Rahway, New Jerse3 
Atlas  Powder  Co.,  Wilmington,  Dela 
ware 
Atlas  Powder  Co.,  Wilmington,  Dela 
ware 
Wyandotte  Chemicals, Wyandotte 
Michigan 
Antara Chemicals, New York,  N. Y. 
Antara Chemicals, New York, N. Y. 
Antara Chemicals, New York, N. Y. 
the phase microscope. These procedures are capable 
of detecting  gross changes in  the morphology of 
the  organeUes,  but  fine  changes  in  morphology 
would be overlooked. 
The  compounds  tested  induded  anionic  and 
cationic detergents  with either  aromatic or alkyl 
side  chains  and  various  non-ionic  detergents  of 
the  polyoxyethylene  type,  including  those  con- 
taining  sorbitan  mono-oleate  or  monolaurate 
groups (tween 80 or 20), amine groups (anatarox 
G100),  and  nonyl phenoxy groups  (igepal).  The 
swelling  of isolated  mitochondria is known to be 
influenced by the pH of the medium, the concen- 
tration  of  sucrose,  and  the  presence  of  calcium 
ions (18-20). Therefore in the present experiment 
the effect of the various detergents was determined 
at pH values ranging from 6.2  to 8.0 and  in the 
presence or absence of the complexing agent ver- 
sene (18). Also the tests were carried out in 0.44 
sucrose, since at this concentration possible effects 
of the osmotic pressure  of the solution are mini- 
mized (iS). ROBERT  F.  WITTER  AND  WILLIAM  MINK  75 
Experimen~l 
Sources o] C~mir~s: 
The chemicals used in these studies and their sources 
are given in the following list: Crystalline sodium ATP  1 
(Pabst),  ~dium  versenate,  analytical  grade  (Bers- 
worth  Chemicals),  sucrose,  analytical  reagent  (Mal- 
linckrodt),  "tris"  (Eastman Kodak);  inorganic chemi- 
cals,  analytical  reagent  (Bakers).  Glass-redistllled 
water was used to make up all reagents and to rinse all 
glassware. The properties and chemical nature of the 
detergents used are listed in Table I. 
The detergent igepal was titrated with alkali to test 
for the presence of acidic groups. A  1 per cent solution 
of this detergent had a  pH of 6.7  (the pH of distilled 
water), and 0.02 ml. of 0.1  s  alkali  brought 25 ml. of 
the  solution  to  the  end  point  with  phenolphthalein. 
Evidently acidic or basic groups were not present. The 
detergent was further purified by passage through the 
acid  form  of  a  cation  ion  exchange  resin  (IR-100, 
Rohm and Haas,  analytical grade)  and  then  through 
the chloride  form  of an  anion exchange resin  (1R4B, 
Rohm  and  Haas,  analytical  grade).  25  ml.  of  1  per 
cent solution required 0.03 ml. to bring to the phenol- 
phthalein end point after passage through the sodium 
salt of  the resin,  and  the  pH  was 6.7  after  passage 
through the chloride form  of the resin.  Evidently  this 
non-ionic detergent  was not  contaminated  with acidic 
or  basic groups. 
Assay Systems: 
The experiments on  the effect of the detergents on 
the stability of mitochondria were conducted in 3.3 ml. 
of 0.44 u  sucrose plus 6.7 X  l0  s ~  buffer as described 
in  the  legends of  the  various figures.  From  0.025  to 
0.03 ml. of mitochondrial suspension was added to the 
incubation  mixture at  28  °,  and  the ~ange  in  optical 
density of the suspension with time was noted in the 
Beckman spectropbotometer at 520 mz. The tempera- 
ture of the incubation mixture did not change during a 
10 minute period,  and rose to 30  ° after about 30 min- 
utes in the cell compartment of the spectrophotometer. 
Usually the first reading was taken within 15  seconds 
after the motochondria had been added to the incuba- 
tion mixture. 
Mg-ATPase or DNP-ATPase was assayed as previ- 
ously  described  (15),  and  the  conditions  for  these 
experiments are given with Table II. 
Preparation of the Mitochondria: 
The mitochondria were prepared  in 0.44 M sucrose, 
as  previously  described  (22),  from  the  livers  of  rats 
weighing 180 to 190 gin. The final suspension of mito- 
chondria was made up so that 1 ml. was equivalent to 
0.5  gin.  (wet  weight)  of  liver  or  about  20  nag.  dry 
weight.  The  concentration  of  mitocbondrla  was  ad- 
justed  so  that  the  optical  density of the  control  was 
TABLE H 
Effea of Det~genls on lhe A ai~iti, s of Mg-A TPase 
and DNP-ATPase of Milochondrla from the Liver 
of the Ra 
0.05 ml. of mitochondriM  suspension was used per test. The 
conditions for the assay of ATPase are described in reference 15. 
Concentra- 
Detergent  tion of deter- 
gent  i 
None 
Dodecyl  1 X 10-+ K 
sulfate  2.5 X  10  "~ u 
5.OX 10"+  u 
1 X 10"* ~ 
Tween 80  4 rag. per 
cent 
12 rag. per 
cent 
24 rag. per 
cent 
40 rag. per 
cent 
Cetab  S X  10-s 
1.0 X 10-4 M 
2.0 X I0-+ M 
Igepa]  10 rag. per 
cent 
20 mg. per 
cent 
40 rag. per 
cent 
None 
Dodecyl  $ X 10  -4 
sulfate 
Tween 80  24 mg. per 
cent 
40 rag. per 
cent 
Cetab  1 X 10-+ u 
2  X  10-~ u 
Igepal  [ 20 rag. per 
cent 
40 mg. per 
cent 
None 
Dodecyl  5 X  I0-4  M 
sulfate 
[gepal  40 rag. per 
cent 
rween 80  24 rag. per 
cent 
Activator present 
Condition  '  + 
ehondria°f  mito-  ~'N°ne~ ~  ~  D  NP 
POi 
F1~sh  0.15  0.05  9.2  2.9 
Fresh  0.15  0,05  0.5  2.6 
Fresh  0.40  0.30  1.7  1.9 
Fresh  0.70  0,20  3.2  1.0 
Fresh  0.40  0.10  3.4  0.6 
Fresh  0.50  0.30  0.60  1.90 
Fresh  0.40  0.20  0.50  0.70 
Fresh  0.40  0.20  0.70  0.50 
Fresh  0.50  0.20  0.60  0.60 
Fresh  1.3  1.2  0.5  4.0 
Fresh  1.2  1.0  0.7  3.8 
Fresh  0.2  0.20  0.4  1.2 
Fresh  0.30  0.20  0.40  2.1 
Fresh  0.70  0.40  1.1  0.8 
Fresh  ! 0.40  0.10  2.8  0.4 
Aged2hrs.  1.0  0.10  2.1  1.1 
at 37  ° 
Aged 2 hrs.  1.0  --  4.0  -- 
at 37  ° 
Aged 2 hrs.  0.90  --  2.0  0.9 
at 37 ° 
Aged 2 hrs.  1.0  2.1  1.1 
at 37  ° 
Aged 2 hrs.  1.2  --  1.6  1.2 
at 37  °  1.4  --  1.5  0.9 
Aged at 37  °  1.1  --  2.6  -- 
2 hrs. 
Aged at 37  °  1.3  --  2.9  -- 
2 hrs. 
Frozen  1.4  0.20  1.9  1.3 
Frozen  1.5  --  3.0  -- 
Frozen  0.9  --  2.9  -- 
Frozen  1. $  --  1.5  1.2 
about  0.400.  Each  preparation  of  mitochondria  was 
examined under the phase microscope, and  the  effect 
of  the  detergents on  the  gross structure  of  these  or- 
ganelles also was noted by this means. 
RESULTS 
In  the  first  experiments  (Fig.  1)  a  comparison 
was  made  of  the  effects of  the detergents  on  the 76 
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Fro. 1. Effect of detergents on the swelling of mitochondria in 0.44 v  sucrose containing 6.7 X  10  -8 M versene, 
pH 6.2. 
A, 9 X  10  ~  ~ dodecyl sulfate. 
B, 9 X  10  ~  ~ Na dodecyl--or  Na decyl--benzene sulfonate. 
C, 9 X  10  -~ M Na cetyl sulfate. 
D, 0.25 rag. igepal. 
E, 9 X  10  ~  ~ cetyl trimethyl or octyl trimethyl ammonium  chloride. 
F, 9 X  10  ~  ~ cetyl pyridine chloride. 
G, 0.5 rag. anatarox G100, antaron F-C-34, tween 80 or 20, pluronic L-62, or control. 
turbidity of dilute suspensions of mitochondria in 
0.44 M sucrose plus 6.7  ×  10  -3 M versene, pH 6.2, 
at  which  pH  the  organeUes  exhibit  maximal 
stability (18,  19). The non-ionic detergents, with 
the exception of a type containing a nonyl phenoxy 
group  (igepal), did not influence the turbidity of 
the  mitochondrial  suspension,  even  when  the 
period of observation was extended to 30 minutes. 
The detergent (igepal) containing aromatic groups 
caused a  rapid drop in the optical density of the 
suspension. A similar drop was noted with anionic 
detergents.  It seems unlikely that  the sample of 
igepal used contained anionic detergent  since  no 
titratable acidic groups were present, and besides 
the non-ionic detergent was purified by a  method 
which would remove traces of these contaminants 
(see Experimental Section). 
In agreement with results of studies (23)  on the 
precipitation of protein by detergents, it was found 
(Fig.  1)  that  the ionic detergent dodecyl sulfate 
was more effective than cetyl sulfate in promoting 
the  swelling of  isolated  mitochondria.  However, 
little difference was  noted  between  the  benzene 
sulfonates  containing alkyl chains  of  10  carbons 
and those containing 12 carbons. 
The  cationic detergents also caused a  decrease 
in the optical density of the suspension; the salts 
of pyridine appeared to be slightly more effective 
in this regard than did the derivatives of ammonia. 
Study (Fig. 2) of the effects of the ratio of detergent 
to mitochondria on the optical density of the sus- 
pension revealed that the changes in turbidity of 
the  mitochondrial  suspension  were  much  more 
complex with  the cationic than  with the anionic 
detergents.  As  the  ratio  of  anionic detergent  to 
mitochondria  increased,  the  rate  of  decrease  in 
optical density became progressively greater. On 
the other hand, as shown in Fig. 2, at low concen- ROBERT F.  WITTER AND WILLIAM MI~4K 
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FIG. 2. Effect of concentration  of cetyl trimethyl ammonium chloride on the swelling of mitochondria at pH 
6.2 in 0.44 -  sucrose containing 6.7 X  10  -str versene. 
A, 5 X  10  -~ !1 cetyl trimethyl ammonium chloride. 
B, control 
C, 1.2 X  10  -4 "  cetyl trimethyl  ammonium chloride. 
D, 9 ×  10  -~ ~t cetyl trimethyl ammonium chloride. 
E, 6 X  10  -5 ~ cetyl trimethyl ammonium chloride. 
F, 7.5 X  10  -6" cetyl tdmethyl ammonium chloride. 
trations of cetyl trimethyl ammonium chloride the 
optical density  at  first rose above,  and  then de- 
dined  back  to the level of the control. At inter- 
mediate concentrations the turbidity immediately 
fell below the control values. At high concentrations 
of cetyl trimethyl  ammonium chlorMe  the fall in 
optical density was followed by a  rise.  These re- 
suits  indicated  that  the  cationic detergent  influ- 
enced the suspensions of mitocbondria in a manner 
different from that of the anionic detergent. 
Examination of the preparation under the phase 
microscope  showed  that  the  mitochondria  were 
agglutinated by the cationic detergents, but swol- 
len and  lysed in  the presence of the  anionic de- 
tergents  and  igepal.  Many "ghost" mitochondria 
could be seen in the presence of the latter two de- 
tergents. On the other hand, the complex changes 
in  the  optical  density  observed  with  the  mito- 
chondria  treated  with  cationic  detergents  were 
undoubtedly  the  results  of  a  change  in  particle 
size  which  occurred  during  agglutination  of  the 
mitochondria.  At  higher  concentrations  of  cetyl 
trimethyl  ammonium  chloride  and  mitochondria 
(0.1 ml. of mitochondria plus 1 X  10  -s it cationic 
detergent in 0.5 ml. 0.44 xt sucrose), the organelles 
were  actually  precipitated  out  of  solution  and 
settled  to the bottom of the tube. 
The effects of the detergents were next investi- 
gated at pH 7.4 and at pH 8.0, under which condi- 
tions the mitochondria are less stable than at pH 
6.2 and hence might be more sensitive to the pres- 
ence  of  the  surface  active  compounds  (18,  19). 
Again (Fig.  3), none of the non-ionic detergents, 
with  the  exception  of igepal  which contains  the 
nonylphenoxy group, had an effect on the optical 
density of the suspensions.  Igepal appeared  to be 
somewhat more effective at pH 8.0  than  at  6.2, 
and  substitution  of versene  buffer by tris  buffer 
did not alter these results. Apparently the presence 
of divalent  metals  ions  is  not  necessary  for  the 78 
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1:Io. 3. Effect  of pH and versene on the swelling of mitochondria in 0.44 M sucrose containing non-ionic de- 
tergents. Tris or versene buffer were 6.7 ×  10  -8 ~s in concentration. 
A, control, 0.5 rag. or 1.0 mg. of anatarox G100, tween 20 or 80, or pluronic L-62 in tris, pH 7.4 or versene, 
pH 6.2, 7.4, or 8.0. 
B, antaron F-C-34, versene, pH 6.2, 7.4, or 8.0; tris pH 7.4. 
C, control, 0.5 or 1.0 rag. of antarox G100, anataron F-34, tween 80 or 20, pluronic L-62, tris pH 8.0. 
D, 0.2 nag. igepal, versene, pH 6.2. 
E, 0.2 mg. igepal, versene or tris, pH 7.4 and pH 8.0. 
action of igepal. The cationic detergent cetyl tri- 
methyl ammonium  chloride appeared to be more 
effective  at  pH  7.4  than  at  pH  8.0  or  pH  6.2 
(Fig. 4).  In contrast to previous results with an- 
ionic  detergents  (2),  Mg  did  not  prevent  the 
action of this cationic detergent. The anionic de- 
tergent (Fig. 5) dodecyl sulfate was more effective 
at pH 6.2  than at pH 8.0, when versene was the 
only other ionizable compound added. Apparently 
versene exerted a  protective effect at pH  7.4  or 
8.0,  since  the  activity of  dodecyl sulfate  in  tris 
buffer at pH  7.4  or 8.0 was the same as that of 
the detergent in versene or barbiturate buffer at 
pH 6.2. In contrast, versene appeared to enhance 
the  destructive power  of  cetyl  trimethyl ammo- 
nium  chloride  (Fig. 4).  The  protective effect  of 
versene against dodecyl sulfate cannot be due to 
the complexing of a trace metal, since versene had 
no effect at lower concentrations or when some of 
the complexing agent was replaced by another salt 
such as potassium chloride (Fig. 5). It is suggested 
as a working hypothesis that versene may compete 
with the detergent for the same binding site on the 
mitochondrial  surface.  These  results explain  the 
apparent discrepancy in previous experiments from 
this laboratory (2) in which versene was found not 
to have a protective effect against dodecyl sulfate, 
since in  these studies a  small amount  of versene 
was used in the presence of another buffer. 
Since cationic and anionic detergents form ionic 
complexes,  it  was  of  interest  to  determine  the 
effect  of  mixtures  of  cationic and  anionic deter- 
gents on the stability of mitochondria. In Fig. 6 
it is shown that the mixture of equivalent amounts 
of dodecyl sulfate and cetyl trimethyl ammonium 
chloride had  virtually none  of the  ability of  the 
individual detergents to destroy the mitochondria. 
If  dodecyl  sulfate  was  first  added  to  the  mito- ROBERT  F. WITTER AND WILLIAM MINK  79 
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Fro. 4. Effect of pH and versene on the swelling of mitochondria in 0.44 tt sucrose contA;nlng the cationic de- 
tergent cetyl trimethyl ammonium chloride. The concentration of cetyl trlmethyl ttmrnoniunl chloride was S X 
10  -~ ~s and that of tris or versene was 6.7 X  10  -s ~x. 
A, cetyl trimethyl ammonium chloride, versene, pH 6.2 
B, control versene, pH 6.2, 7.4, or 8.0. 
C, control tris, pH 7.4. 
D, cetyl trimethyl ammonium chloride and tris, pH 7.4. 
E, cetyl trimethyl ammonium chloride and versene, pH 8.0. 
F, cetyl trimethyl ammonium chloride and versene, pH 7.4. 
chondria,  the  subsequent  addition  of  cetyl  tri- 
methyl  ammonium  chloride did not prevent  the 
change  in  optical  density  of  the  mitochondrial 
suspension. These results indicate that the charged 
groups on  the ionic detergents are important for 
their activity. 
A TPase Activity: 
The results of the studies of the effects of de- 
tergents  on  Mg-  or DNP-ATPase  are  presented 
in Table II. The ratio of detergent to mitochondria 
in  these  experiments  was  similar to  that  in  the 
experiments in which mitochondrial stability was 
investigated. All of the detergents tested inhibited 
DNP-ATPase activity, although the cationic de- 
tergent  cetyl  trimethyl ammonium  chloride had 
the least inhibitory action. At low concentrations 
this  cationic  detergent  by  itself  activated  the 
ATPase of fresh mitochondria even in the presence 
of  versene,  indicating  that  divalent  metal  ions 
were  not  needed  for  activation.  Cetyl  trimethyl 
ammonium  chloride  formed  a  precipitate  with 
ATP; however, this decrease in the concentration 
of ATP  could not explain the inhibition of Mg- 
ATPase by higher conceatrations of the cationic 
detergent, since only 13 per cent of the ATP was 
precipitated  ~ by the highest concentration of cetyl 
trimethyl ammonium chloride tested. 
The  presence  of  Mg  prevented  activation 
by  the  cationic  detergent.  On  the  other  hand 
Mg  was  required  for  maximal  activation  with 
the anionic detergent dodecyl sulfate and the non- 
ionic detergent igepal. The enzyme activity cata- 
2 The concentration of ATP was estimated in suitable 
extracts at 260 m~ in the Beckman spectrophotometer. 80 
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Fro. 5. Effect of pH and buffer on the swelling of mitochondria in 0.44 ]~ sucrose in the presence of the anionic 
detergent dodecyl sulfate (9 X  10  -6 ~). 
A, dodecyl sulfate and 6.0 X  10  -s M versene, pH 6.2. 
B, dodecyl sulfate, 3 X  10  -a M tris, pH 7.4, and 0.003 ~ KCI. 
C, dodecyl sulfate and 6.0 X  10  -s M trls, pH 7.4 or 8.0; or dodecyl sulfate, 6.0 X  10  -8 K tris, pH 7.4 or 8.0, and 
6.0 X  10-~ M versene. 
D, dodecyl sulfate, 3.0 X  10  -a ~  tris, pH 7.4, and 3 X  10-~ M versene, pH 7.4. 
E, dodecyl sulfate and 3.0 ×  10  -8 ~ or 6.0 ×  10-~ M versene, pH 7.4. 
F, dodecyl sulfate and 6.0 X  10  -a ~ versene pH 8.0. 
G, control, 6.0 X  10-8 M tris, pH 8.0. 
H, control, 6.0 X  10-8 ~ tris, pH 7.4, or 6.0 ×  10  -a ~ versene pH 6.2, 7.4 or 8.0. 
lyzed by  each  d  the  latter  two  detergents  was 
much higher than  that catalyzed by the cationic 
detergent. Other experiments not  listed in Table 
II showed that the activation of Mg-ATPase by 
dodecyl sulfate could be prevented by prior addi- 
tion  of  an  equivalent amount  oI cetyl trimethyl 
ammonium chloride. Evidently the charged group 
of the dodecyl sulfate is important for the activa- 
tion  of Mg-ATPase.  However,  the  side chain  of 
the non-ionic detergents was also important, since 
the  non-ionic  detergents  containing  aromatic 
groups (igepal) but not those containing a sorbitan 
monofatty acid group (tween) could also activate 
Mg-ATPase.  The  failure  of  tween  to  activate 
Mg-ATPase was not due  to an  inhibitory action 
of this surface active agent, since the activity of 
this enzyme was not influenced by the presence of 
the detergent after activation of Mg-ATPase by 
freezing and thawing or aging of the mitochondria. 
DISCUSSION 
The  results  indicate  that  a  dose  correlation 
exists between the ability of a  detergent to acti- 
vate Mg-ATPase and to promote the swelling and 
lysis of mitochondria. Other methods of activating 
Mg-ATPase such as freezing and thawing (16, 17), 
aging  (3,  18-15), or the addition of calcium ions 
(14)  also  promote  the  swelling  of  mitochondrla 
(17-20).  All  of  these  observations  support  the 
hypothesis  that  the  activation  of  Mg-ATPase 
Consists in removing a physical barrier to the union 
of  a  Mg-APT  complex  and  the  enzyme.  This 0.5 
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Fro. 6. Effects of the combined addition  of dodecyl sulfate and cetyl trimethyl ammonium chloride on the 
swelling of mitochondria. Each solution contained 0.44 ~s sucrose and 6.0 X  10  -s ,x tris, pH 7.4. 
A, 1.0 ×  10  -4 ~s cetyl trimethyl ammonium chloride and 1.0 X  10  "q" dodecyl sulfate; no mitochondria added. 
B, 1 ×  10  -~ M  dodecyl sulfate. 
C, 1 X 10  -4 M dodecyl sulfate and then 1 X  10  -4 ~s cetyl trimethyl ammonium chloride added at time indicated 
by arrow. 
D, 1 X  10  .4 a  cetyl trimethyl ammonium chloride. 
E, 5 X  I0  ~  ~r cetyl trimethyl ammonium chloride. 
F, 5 X  10  -s u  cetyl trimethyl  ammonium chloride, and I  X  10  ~  M dodecyl sulfate added before the mito- 
chondria. 
G, control. 
H, 1 X 10  -4 ~ cetyl trimethyl ammonium chloride and 1 X 10  -4" dodecyl sulfate added before the mitochondria. 
phenomenon may be due either to the removal of 
an impermeable membrane or to an increase in its 
permeability. 
The  results  also  show  that  the  positive  and 
negative charged  centers on the ionic detergents 
and the type of side chain on the non-ionic deter- 
gents are important factors  influencing action of 
these  surface  active  agents  on  mitochondrial 
stability and Mg-ATPase. The anionic detergents 
caused  swelling  of  mitochondria  and  activated 
Mg-ATPase;  the  cationic detergents  caused  the 
mitochondria to agglutinate and did not activate 
Mg-ATPase. Others have also shown that cationic 
detergents act in a  different manner than anionic 
detergents  on  biological  systems.  For  example, 
cationic  detergents  activate  pancreatic  lipase, 
whereas  anionic detergents  inhibit  this  enzyme 
(24). 
In accordance with generally accepted  theories 
as to the mode of interaction between protein and 
detergent (23), it seems likely that in the present 
experiments the anionic detergent combined with 
positive centers and  the  cationic detergent com- 
bined with negative centers on the proteins which 
make up the surface of the mitochondria. 
On  the  other  hand,  the  non-ionic detergents 
probably did  not  combine directly with  protein 
(23),  but with a  lipide which  is  associated  with 
lipoprotein. Those non-ionic detergents containing 
the nonyl phenoxy group probably formed indu- 82  EFFECT OF SYNTHETIC DETERGENTS  ON MITOCHONDRIA 
sion compounds with the lipoproteins of the mito- 
chondrial surface, thereby altering the structure of 
the lJpoprotein  and  thus  the permeability  of the 
mitochondria.  It would be of interest  to know if 
the  diverse  biological  effects  which  have  been 
reported using, non-ionic detergents (triton) of the 
nonyl phenoxy type (7-12) are also dependent on 
the presence of an aromatic group in the surface 
active agent. 
Apparently, the inhibition of DNP-ATPase by 
detergents is not related to the type of side chain 
or  charge  on  the  surface  active  agent,  since  all 
detergents  tested  inactivated  this  system.  These 
data indicate that a lipoprotein may be necessary 
for the activity of DNP-ATPase and that the side 
chains  of  the  various  detergents  react  with  the 
lipide of this protein, thereby altering its proper- 
ties.  The  present  results  also  indicate  that,  in 
contrast  to  the data  obtained  with  Mg-ATPase, 
inhibition  of  DNP-ATPase  is  not  related  to  a 
gross change in morphology of the mitochondria, 
since inhibition  was brought about by all deter- 
gents, even those which did not cause swelling  of 
the mitochondria. 
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